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EXPERIMENTAL WAKE SURVEY BEHIND A
120°-INCLUDED-ANGLE CONE AT ANGLES OF ATTACK OF 0° AND 5°,
MACH NUMBERS FROM 1.60 TO 3.95, AND LONGITUDINAL STATIONS
VARYING FROM 1.0 TO 8.39 BODY DIAMETERS
By Clarence A. Brown, Jr., James F. Campbell,
and Dorothy H. Tudor
Langley Research Center
SUMMARY
An investigation was conducted to obtain flow properties in the wake of a 120°-
included-angle cone at Mach numbers from 1.60 to 3.95 and at angles of attack of 0° and
5°. The wake flow properties were calculated from total and static pressures measured
with a pressure rake at longitudinal stations varying from 1.0 to 8.39 body diameters and
lateral stations varying from -0.42 to 3.0 body diameters. These measurements showed
a consistent trend throughout the range of Mach numbers and longitudinal distances and
an increase in dynamic pressure with increasing downstream position.
INTRODUCTION
Investigations have shown that many parameters affect the drag and stability char-
acteristics of decelerator systems. Recently, attention has been given to landing an
unmanned instrumented payload on the planet Mars. Consideration of the thin atmosphere
associated with Mars has resulted in entry designs that have a low ballistic coefficient
and utilize a parachute for landing. Many designs have indicated that the parachute would
be deployed behind a blunt body at speeds from high subsonic to high supersonic. Because
of the complexity of the flow field generated by a blunt body, it is desirable to obtain
experimentally the flow characteristics of this region. Results of several investigations
to define the flow field behind blunt bodies can be found in references 1 to 4.
An investigation was conducted to obtain flow properties in the wake of a 120°-
included-angle cone at Mach numbers from 1.60 to 3.95 and at angles of attack of 0° and .
5°. The wake flow properties were calculated from total and static pressures measured
with a pressure rake at longitudinal stations varying 1.0 to 8.39 body diameters and
lateral stations varying from -0.42 to 3.0 body diameters. Free-stream Reynolds number
was 1.65 x 10^ per foot (5.42 x 10^ per meter) for most of the study. To evaluate the
effect of a reduced Reynolds number, one set of data was taken at a Reynolds number of
1.0 x 106 per foot (3.28 x 106 per meter).
In addition to the 120°-included-angle cone, a model of the entry vehicle used in
the SPED-II decelerator program was also tested to determine the center-line wake for
longitudinal stations varying from 1.0 to 8.39 body diameters. This configuration was of
interest because the configuration is a hollow cone with a small-diameter center body.
The effect of the hollow cone on the wake of the SPED-II vehicle is of interest to the
decelerator program.
Tests have been made at Mach numbers from 1.60 to 3.95 on four different con-
figurations, two 120°-included-angle cones, a 140°-included-angle cone, and the Viking
entry body. This report covers data for the two 120°-included-angle cones and is
intended to make these data without analysis available to interested persons.
SYMBOLS
D cone base diameter, 4.80 inches (12.19 cm)
MI local Mach number
MOO free-stream Mach number
p, local static pressure, psf (N/m^)
p^ free-stream static pressure, psf (N/m^)
p, free-stream total pressure, psf (N/m2)
1,00
q, local dynamic pressure, psf (N/m^)





x longitudinal distance downstream from model base, inches (centimeters)
y lateral distance measured from model-rake plane, inches (centimeters)
z vertical distance measured in model-rake plane at zero angle of attack of
model, inches (centimeters)
a. angle of attack of model center line, degrees
APPARATUS
Wind Tunnel
The tests were conducted in both the low and the high Mach number test sections
of the Langley Unitary Plan wind tunnel (ref. 5). The test section is of the variable-
pressure, continuous-flow type. Each of the test sections is approximately 4 feet
(1.2 meters) square and 7 feet (2.1 meters) long. The nozzles leading to each test sec-
tion are of the asymmetric sliding-block type. Use of these nozzles permits a continuous
variation of Mach number from approximately 1.5 to 2.9 in the low Mach number test sec-
tion and from approximately 2.3 to 4.7 in the high Mach number test section.
Models and Instrumentation
A sketch of the models used in the test program is shown in figure 1. The 120°-
included-angle cone (fig. l(a)) was constructed of polished aluminum and had a base
diameter of 4.80 inches (12.19 cm). The entry vehicle used on the SPED-II decelerator
program was also of interest, and limited tests were performed on this vehicle. The
SPED-II vehicle was a 120°-included-angle hollow cone with a spherical radius at the
apex (fig. l(b)) and a small-diameter center body. It was constructed of polished alumi-
num and had a base diameter of 4.80 inches (12.19 cm).
The cone models were supported in the test section by a horizontal cantilevered
strut (fig. 2) having a sharp leading edge with a maximum cross-sectional thickness of
about 0.375 inch (0.953 cm). The use of the horizontal cantilevered strut eliminated the
possibility of obtaining schlieren photographs during the tests.
A pressure rake, illustrated in figure 3, was used to perform the wake survey
behind the bodies. The rake was 10.0 inches (25.40 cm) high and was composed of
41 total-pressure tubes 0.25 inch (0.64 cm) apart and 21 static-pressure tubes 0.50 inch
(1.27 cm) apart. The rake was connected to a sting, which in turn was attached to a
standard support system. The pressures were recorded by using three 48-channel
pressure-scanning valves. Two gages used to record total pressure had a maximum
range of 7.50 psia (51.7 kN/m2). The gage used to record the static pressure had a
maximum range of 3.00 psia (20.68 kN/m2).
TESTS AND ACCURACY
The tests were performed at Mach numbers of 1.60, 2.30, 2.96, and 3.95. The
Reynolds number was 1.65 x 106 per foot (s.42 x 106 per meter) for both configurations
except for one test at a Mach number of 2.30 for the 120°-included-angle cone. During
this test the Reynolds number was reduced to 1.0 x 106 per foot (3.28 x 106 per meter).
The stagnation dewpoint was maintained at -30° F (239° K) in order to avoid condensa-






































120° cone; a = 0°; R = 1.0 x 106 per foot (s.28 x 106 per meter)
2.30 150 339 769.6 36 848.65 227.91 10 912.39





























SPED- H vehicle; a = 0°; R = 1.65 x 106 per foot (s.42 x 106 per meter)
1.60 150 339 945.6 45 275.57 398.67 19 088.42
The pressures in the wake of the cones were measured by means of electrically
actuated pressure-scanning valves that record essentially instantaneous values. The rake
was mounted vertically in the tunnel and was positioned in a longitudinal direction mea-
sured from the base of the cone. The rake was moved in a lateral direction (y-direction)
at three selected longitudinal stations. At the remaining longitudinal stations, the rake
was not traversed in a lateral direction. A schematic representation of the lateral and
longitudinal stations is presented in figure 4. Accuracy of the pressure-scanning valves
is within 1 percent of the full scale of the gage and includes all errors of linearity,
hysteresis, and repeatability. The free-stream stagnation pressure was measured with
a precision mercury manometer, the accuracy of which is ±0.50 psf (±23.94 N/m2).
The accuracy of the individual quantities is estimated to be within the following
limits:
pt ^ ±11.0 psf (526.68 N/m2)
Pj' .'. ±7.0 psf (335.16 N/m2)
x 0.01 inch (0.0254 cm)
y 0.01 inch (0.0254 cm)
MOO at 1.60 ±0.01
Moo at 2.30 ±0.015
MTO at 2.96 ±0.02
MOO at 3.95 ±0.05
TABULATION OF EXPERIMENTAL DATA
Flow properties calculated from measured total and static pressures in the wake
of the 120°-included-angle cone and the SPED-II vehicle are presented in tables 1 to 10.
The tabulations consist of the local flow properties of Mach number, velocity, and static
and dynamic pressures, each of which has been nondimensionalized by its respective
free-stream value. The data are identified by the geometric information necessary to
determine the longitudinal and lateral position in the flow field aft of the cone. The
appropriate normal-shock expressions and isentropic-flow relations were used in con-
junction with the measured total and static pressures to obtain the desired flow properties.
The pressure rake is designed with a displacement of about 0.50 inch (1.27 cm)
between the total- and static-pressure tubes. In order to obtain static- and total-
pressure data at identical locations, two sets of data were obtained. The data were
taken at identical longitudinal and lateral positions by moving the sting to account for the
offset between the total and static tubes.
PRESENTATION OF DATA
The flow properties calculated from the measured total and static pressures in the
wake of the 120°-included-angle cone and for the SPED-II vehicle are presented in fig-
ures 5 to 14 and tables 1 to 10 for Mach numbers of 1.60, 2.30, 2.96, and 3.95 and for
cone angles of attack of 0° and 5°. These data consist of ratios of local to free-stream
conditions of Mach number, velocity, and static and dynamic pressures and are presented
as a function of vertical distance z/D measured from the model-rake center line in the
model-rake plane.
Presented in figure 5 and table 1 are plots and tabulated flow data ratios for a
Mach number of 1.60, a cone angle of attack of 0°, x/D distances (longitudinal) varying
from 1.0 to 8.39 at a y/D distance (lateral) of zero, and three selected x/D distances
(x/D = 2.5, 5.0, and 8.39) at y/D distances varying from -0.42 to 3.0. Figure 6 and
table 2 present plots and tabulated flow data ratios for a Mach number of 2.30 for the
same cone angle of attack and x/D and y/D distances as figure 5 and table 1.
Figure 7 and table 3 present plots and tabulated flow data ratios for a Mach num-
ber of 2.30 at a Reynolds number of 1.0 x 106 per foot (3.28 x 106 per meter). With the
exception of figure 7 and table 3, all flow data ratios presented in this paper are for a
Reynolds number of 1.65 x 10" per foot f5.42 x 10^ per meter) based on the base diam-
eter. Comparison of figure 7 with figure 6 shows the effect of reducing the Reynolds
number from 1.65 x 106 per foot (s.42 x 106 per meter) to 1.0 x 106 per foot
(s.28 x 10^ per meter). The flow data ratios are presented for a cone angle of attack
of 0°, x/D distances varying from 1.0 to 8.39, and a y/D distance of zero. For the
low Reynolds number test, the measuring rake was moved downstream from the 120°
cone and measured the flow conditions at the model center line.
Figures 8 and 9 and tables 4 and 5 present plots and tabulated flow data ratios for
Mach numbers of 2.96 and 3.95. These data are presented for the same x/D and y/D
distances and cone angle of attack as those for figures 5 and 6 and tables 1 and 2 for
Mach numbers of 1.60 and 2.30.
Figures 10, 11, 12, and 13 and tables 6, 7, 8, and 9 present plots and tabulated flow
data ratios for Mach numbers of 1.60, 2.30, 2.96, and 3.95, a cone angle of attack of 5°,
and varying x/D distances. During these tests, no attempt was made to traverse the
pressure rake in a lateral direction (y/D); therefore, the data presented are model center-
line data at various x/D distances.
Figure 14 and table 10 present plots and tabulated flow data ratios for the SPED-II
vehicle at a Mach number of 1.60, cone angle of attack of 0°, x/D distances varying
from 1.0 to 8.39, and y/D distance of zero. These data were obtained to determine the
effect of a hollow cone configuration, similar to the SPED-II, on parachute performance
behind a blunt body.
Although the purpose of this paper is not to analyze these data, several points
deserve emphasis. The consistent trends established by the static- and dynamic-
pressure data throughout the range of Mach numbers and x/D distances result in well-
defined data curves across the wake and are particularly important in the wake recom-
pression region where large pressure gradients are predominant. It is believed that
these consistent trends, along with the demonstrated repeatability of the data at all test
conditions, make the present data a reliable information source for defining the wake
structure and flow properties aft of a 120° cone.
Comparison of figures 5, 6, 8, and 9 shows that for an x/D of 1.0 to 4.0, the
dynamic-pressure ratio qiA^ was greater for the higher Mach number; however, for
x/D distances of 4.0 or greater, the qj/q^ ratio becomes greater for the lower Mach
numbers tested.
Comparison of figures 10, 11, 12, and 13 indicates that when the cone is placed at
5° angle of attack, the wake at the model-rake center line decreases (approaches free-
stream conditions) as the x/D distance is increased, much in the same manner as when
the model was at zero angle of attack. More noticeable is the offset of the wake in the
model-rake plane due to the cone angle of attack.
Comparison of figures 6 and 7 shows very little effect in the various ratios due to
reducing the Reynolds number from 1.65 x 10^ per foot (s.42 x 10^ per meter) to
1.0 x 106 per foot (3.28 x 106 per meter) for the Mach number tested.
The use of a hollow 120° cone appears to have little effect on the wake conditions.
Comparison of figures 5 and 14 shows the wake to be nearly identical with only slight
variations for any of the plotted ratios.
The rake used during the investigation covert'. a z/D distance of ±1.04 body
diameters from the wake (or body) center line. As would be expected, the closer the
survey rake is to the base of the body, the larger variation in pressure is noted for all
Mach numbers. Also for all Mach numbers and all x/D distances of the tests, the
dynamic-pressure ratio approached free-stream conditions at the outer edges of the
wake. However, some pressure loss is shown in that free-stream conditions are not
quite obtained within the distance traversed by the survey rake. The exception to this
observation is when the survey rake is placed at a large y/D distance and therefore
measures the free-stream conditions of the tunnel.
One of the more important parameters for a decelerator system behind a blunt
body is the available dynamic pressure. The test data indicate that decelerator systems
imbedded in the wake of a blunt body should be positioned in such a way that the q, /q^
ratio is not degraded in a manner to make the decelerator system ineffective. Examina-
tion of these data indicates that an x/D distance on the order of 4 or greater should be
used to decrease the loss of dynamic pressure within the wake of a blunt body.
CONCLUDING REMARKS
An investigation was conducted to obtain flow properties in the wake of a 120°-
included-angle cone at Mach numbers from 1.60 to 3.95 and at angles of attack of 0°
and 5°. The wake flow properties were calculated from total and static pressures mea-
sured with a pressure rake at longitudinal stations varying from 1.0 to 8.39 body
diameters and lateral stations varying from -0.42 to 3.0 body diameters. These mea-
surements showed a consistent trend throughout the range of Mach numbers and longi-
tudinal distances and an increase in dynamic pressure with increasing downstream
position.
Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., October 22, 1970.
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Note: Rake g coincident with cone X-axis



























1.0 1.2 1.4 1.6 1.8
Figure 5.- Variation of
(a) x/D = 1.0; y/D = 0; a = 0°.
and Vj/V^, with z/D in-wake of a 120°-included-angle cone at a Mach number of 1.60 and a




3 M A C H NO.
_Lt; V/D ° :a
1.0 1.2 1.4 1.6 1.8-1. 21
(b) x/D = 1.5; y/D = 0; a = 0°.
Figure 5.- Continued.
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x/D 2-° :v/D ° :a
Z/D Oil
.8 1.0 1
R a t i o





.g_; V/p 3.0 ;g o«F
O P|/Pool
-O q i /P
0
(d) x/D = 2.5; y/D = 3.0; a = 0°.
Figure 5.- Continued.
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X/D 2 - ? : V / D 2 . 0 ;g 0°|
130
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x/D 2.5 ; V/D i.o ;g
(g) x/D = 2.5; y/D = 1.0; a = 0°.
Figure 5.- Continued.
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(u) x/D = 5.0; y/D = 0.63; a = 0°.
Figure 5.- Continued.
1.2
1.0 x/D ?.o : V / D A2 : a o°
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x/D 5.0 - .V/D-A2 ;g
O P I/Poo
D q i /q
—O M | /MOO
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(z) x/D = 6.0; y/D = 0; a = 0°.
Figure 5.- Continued.
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X/D 8.39; V/D 1.5; a
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1 X / D>39 ; V/ D .63 ; a_2l^





-1.2 0 .2 .4 .6 .8 1.0 1.2
Rat io
1.4
(ii) x/D = 8.39; y/D = 0.42; a = 0°.
Figure 5.- Continued.
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gjX/08,39 ; V/D .21 ;g o°j
MI/M| A v , / v
trHHI-if




(kk) x/D = 8.39; y/D = 0; a = 0°.
Figure 5.- Continued.
z /D




R a t i o
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X/D i.o :V/D o -g o
-1 .0:
-1.21
(a) x/D = 1.0; y/D = 0; a = 0°.
Figure 6.- Variation of Pi/P ,^, li/'b' MI/MOO, and Vi/Voo with z/0 in the wake of a 120°-included-angle cone at a Mach number
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R a t i o
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x/D 2.0.-v/D o :a o°
—O M/M




(c) x/D = 2.0; y/D = 0; a = 0°.
Figure 6.- Continued.
z/D
I x/D 2.5 :V/D3 .o :a o°
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! X/Q2.5 :V/D i.o ;g
D q|/q
OM|/M
A V . / V
-o 1.6 1.8
<g) x/D = 2.5; y/D = 1.0; a = 0°.
Figure 6.- Continued.
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(q) x/D = 5.0; y/D = 2.0; a = 0°.
Figure 6.- Continued.
x/Q_5.o_; V/D i.5: a
• o 1.0 1.2
Rat io
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x/D ?.o:V/D -21 : g o»
1.6 1.8
(w) x/D = 5.0; y/D = 0.21; a = 0°.
Figure 6.- Continued.
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S M A C H
I x/D 8.39 ;V/D 3.0 : a
(cc) x/D = 8.39; y/D = 3.0; a = 0°.
Figure 6.- Continued.
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x/D 8.39:V/D .21 ; a o
1.6 1.8
(jj) x/O = 8.39; y/D = 0.21; a = 0°.
Figure 6.- Continued.
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R a t i o  
Ikk) x/D = 8.39; y/D = 0; a = 00. 
Figure 6.- Continued. 
.1.2
2/D 0
X/D 8.39: V/Q.VA2 ; g 0
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Figure 7.- Variation of PI/POO, fli/Qa,. M|/IA». and vl/v» with z/D in the wake of a 120°-included-angle cone at a Mach number





R = J.O x 10D/FT (3.28 x 106/METER)
D q i /q
A V i / V
.6 .8 1.0 1.2
-1.0
-1.2 6 1.8




M O D L
MACH NO.
i§X/D 2.0 ;V/p 0 ;g.(H
= 1.0 x 106/FT (3.28 x 106/«ETER)
—D q|/q
—O M /M
A V , / V
-1.0
-1.2,





R Z 1.0 x \06/n (3.28 x 106/M£TER)
1.0 1.2 1.4 1.6
-1.0
-1.2











-1.2 0 .6 1.8






1 MODEL 120° Cone
! MACH NO. 2.30
z/D 0
_
= 1.0 x 106/FT (3.28 x 106/WETER)|p
r
1.0 1.2 1.4






R = 1.0 x 106/FT (3.28 x 106/METER)
.2 .4
.6 .8 1.0 1.2 6 1.8
(g) x/D = 5.0; y/D = 0; -i = 0°.
Figure 7.- Continued.
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Figure 7.- Continued.
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(a) x/D = 1.0; y/D = 0; a = 0°.
Figure 8.- Variation of Pi/P^, li/^ . MI/MO,, and VI/VK, with z/D in the wake of a 120°-included-angle cone at a Mach number
of 2.96 and a Reynolds number of 1.65 * 106 per foot (5.42 * 106 per meter).
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Figure 8.- Continued.
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Figure 8.- Continued.
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(h) X / D  = 2.5; y / ~  = 0.83; a = OO. 
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(o) x/D = 4.0; y/D = 0; 0 = 0°.
Figure 8.- Continued.
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(p) X / D  = 5.0; y/C'= 3.0; a = OO. 
Figure 8.- Continued. 
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(s) x/0 = 5.0; y/D = 1.0; a = 0°.
Figure 8.- Continued.
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(x) x/D = 5.0; y/D = 0; a = 0°.
Figure 8.- Continued.
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(aa) x/D = 7.0; y/D = 0; a = 0°.
Figure 8.- Continued.
239
R a t i o  
(bb) x/D = 8.0; y / ~  = 0; a = 00. 
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(a) x/D = 1.0; y/D = 0; a = 0°.
Figure 9.- Variation of PI/POO- 1|A»' M|/M°°' antl vl/v«> w'th ZA* 'n ^e walle of a 120°-included-angle cone at a Mach number
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Figure 9.- Continued.
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Figure 9.- Continued.
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Figure 9.- Continued.
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Figure 9.- Continued.
273
( x )  x / D  = 5.0; y/D = 0; a = 00. 
Figure 9.- Continued. 
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Figure 10.- Variation of
(a) x/0 = 1.0; y/D = 0; a = 5°.
, and with z/D at the center of wake of a 120°-included-angle cone at a Mach
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Figure 10.- Continued.
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la) x/D = 1.0; y/D = 0; a = 5°.
Figure 11.- Variation of Pi/P^,, Qi/'U. M|M»< antl Vl/Voo w'th Z/D a* *he center of wake of a 120°-included-angle cone at a Mach
number of 2.30 and a Reynolds number of 1.65 x 106
 per foot (5.42 x 106 per meter).
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(c) x/D = 2.0; y/D = 0; a = 5°.
Figure 11.- Continued.
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Figure 11.- Continued.
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(a) x/D = 1.0; y/D = 0; a = 5°.
Figure 12.- Variation of P j f f i , qjo^, MI/M ,^ and V^Vo, with z/D at the center of wake of a 120°-included-angle cone at a Mach
number of 2.96 and a Reynolds number of 1.65 * 10^ per foot (5.42 * ldf> per meter).
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Figure 12.- Concluded.
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(a) x/D = 1.0; y/0 = 0; a = 5°.
Figure 13.- Variation of Pi/P^, li/'W MI/MOO, and V|A/oo w'*n Z/D al tne center of wake of a 120°-included-angle cone at a Mach
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Figure 14.- Variation of
(a) x/D = 1.0; y/D = 0; a = 0°.
o^ , MI/MO,, and V|/V«, with z/D at the center of wake of the SPED-II vehicle at a Mach number of 1.60
and a Reynolds number of 1.65 x 10^ per foot (5.42 x 106 per meter).
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(k) x/D = 8.39; y/D = 0; a = 0°.
Figure 14.- Concluded.
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